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METHOD AND TE3U&COMMUNICATIONS SYSTEM FOR C^I'mtOIJ^G 
PAGING FLOW IN A NETWORK FOR CELLULAR COMMUNICATIONS 

Field of the invenlion 

5 The present inventioii relates to a melhod and telecommunications system for 

contcollmg paging flow in a network for cellular communications. 

Rftgkffroimd of tihe inventiop 

In a netwdk for ovular Gommunications, Hie geogr^hical area of coverage for 

mobile oonmiunications is sobdrvided into smaller areas, eith^ logical areas or plQ^cal 
10 areas. In paxdcular, a geographical area comprises cells and location areas. 

A cell is an area in "which a user can communicate with a certain base station. A 

location area is an area oonqjrising a plurality of cells and it is associated witii a Visitor 

Location Register (VLR), wbidbi stores data about all customers are roaming within 

the corresponding location area. 
15 Figme 1 shows an example of arrangement of such areas, in which Ifaree location 

areas 11a, lib and lie are associated to respective Mobile Services Switching Centers 

(MSCs) 14a, 14b and 14c and in which each location area comprises a plurality of cells 

12. In tiie figure^ the areas fit complementarily with each other for the sake of simplicity, 

.. 

but it is<:lear that oth^ arrangements known to the ^lled in the art may be provided. 

20 If an incoming transaction directed to a certain Mobile Station (MS) is received 

in the network (e.g. a call by another party), in order to locate the mobile station a paging 
request is sent to all the base stations in the location area in which the **targelf mobile 
station is registered. When the mobile station discovers that it is being paged, a channdl 
on the radio habsdokco is activated, the mobile station sends a page response indicating that 

25 it has bem paged and that the netwodc can locate it. 
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la a location area, a gieat number of mobile stations is present; and the number 
of paging rcqocsts^icsponscs transmitted in that location area increases with tiic number 
of mobile stations witibin the location area. 

The mcreasing prolifbration of mobile stations, due to the great convenience of 
5 mobile communications and the growth of additional services provided by die operators, 
may cause congestion in the nctwodc In fact, the number of the available radio resources 
is limited and the network congestion is a drawback the operator should avoid in order 
not to ofiEer services ^(^ch cannot be duly handled by the netwoik. 

Moreover, requests concerning services of jnime importance such as positioning 
10 request in case of emexgency or law enjforc^tnent may not be served in case of 
congestion, this being an unacc^table drawback that greatly reduces the advantages of 
Location Services. 

The same problem affects Location Services transactions deriving fiom a request 
for last known location of the target mobile station. Such infomiation is usually stored at 
1 5 the Mobile SCTvices Switching Center and accordingly it is straigfhtfibrward far the Mobile 
Services Switching Center to handle sudi request Again, a copgesdon make such a 
single request unduly con^licated to handle. 

These drawbacks are not only unacceptable per se for a modem mobile netwozk, 
but they also in^ly important loss of profit and disadvantages both for the operator, since 
20 the subscribers are not encouraged in taking advantage of their services, and for the 
subscribers, \^o deny themselves of useful services in vtliich Ihsy may enroll if sudi 
services appeared to be more efiEEciait. 

At present, a mechanism for controlling the influx of calls per location area is 
known and it used for Call Control (CC) transactions only. In foot, for CC transactions, 
25 before the paging is ordered, a Roaming Number is allocated through which the call is 
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loixtBd fixnn the Gatsway Mobile Soidces Switching Center recefving the mcomiiig call 
to llio "h/ISC/VLR associatod with the location area of Hic target coobilc station. The 
known mechanism consists in defining (at the operator side) how many roaming number 
allocations wiUbej^ermittedfor a spedfic location area at &e same time, 
s However no such mechanism is known for allowing the operator to control the 

paging £Low of other transactions, such as Siqiplcmcntaxy Services (SS), Short Message 
Services (SMS) and LoCation Services (EXI!S) transactions. 

In feet, when a SS, SMS or LCS transaction is received at the MSCTVLR, a 
paging is ordered and the only way to control die amount of requested i>aging may be on 
10 network level, by controlling the file size of the software that controls the paging 
mechanism. This handling is however inefficient, because it does not take into account the 
configuratian of the network, in which difEerent location areas have different radio- 
resource edacities. 

In addition, this mechanism cannot protect the radio network &om congestion 
15 when bursts of paging requests are destined to the same location area, for example when 
an important adiletics event or fbolhall match takes place in a stadium. 
Summary of the invention 

Aim of the present invention is to overcome the above mentioned drawbadcs, 
particularly by providixi^ a method and a telecommunications system which controls the 
20 paging flow at a service node in a mote robust way. 

Within the scope of this aim, a particular object of the invention is to meet the 
requirements for either the mobile subsoiber, the service provider and the operator. 

Anothear olgect is to jnioritize services "n^ch are of most importance with 
respect to the resource allocation of the system. 
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Tliis aim, these objects and other ^fdiic^-wiU become appatem fixim^^ fbUowing 
dcscri^oa arc achieved hy a mdfaod of controlling paging flow in a nctwoik for cclkilar 
communications characterized in that it cono^srises the steps of: at a control node, 
leceiving a request for paging a mobile station; determining a location area in wfaic^ the 

5 paging shall be performed; checking whether the noniber of paging transactions which are 
ongoing for the location area is lower than at least one maximum number of ongoing 
paging transactions allowed for the location area; after a determinadon that the number of 
ongoiag paging transactions is lower than the maximum number, updating the number of 
ongoing paging transactions far the location area and processing the paging request 

10 According to a x)aiti<^alar aspect of the iiresent invention, a diecldng is 

performed so as to determine whether the incoming request is related tx> a Location 
Service. According to anothra: aspect of the present invention, which can be alternative or 
parallel to the former one, checking is performed so as to determine whether the 
incoming request is of a particular kind, for exan:q)le a kind which is profitable either for 

15 tiie operator or the subscribers witiiin a location area, and which can be prioritized 
accordingly. 

The aim and the objects of tiie jnesent invention are also achieved by a 
telecommunications S3^stem for controlling a paging flow in a network fx cellular 
communications comprising at least one control node associated with a location area 
20 serviiig a moVlg station to be jiaged, the control node comprising means for receiving 
pagiiig requests, characterized in that the systCTi comprises: memory means for storing at 
least one TngMrimiiin number of ongoing paging transactions allowed fi>r the location area 
and for storing die nuniber of ongoing paging transactions; conqyaring means for 
rh^^n^ whedier the nnmber of ongoing pagmg transactions is lower than the at least 
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one maxinnim mubbCT; paging means for paging the mobile station in response to an 
outcome of Ihc comparing means. 

Advantageously, the telecommonicatioDS system comprises Location Services 
Request determining means for determining wbedier a paging request received by Ifae 
5 control node derives from a Location Services request, which means are preferably set so 
as to check whether the Location Services request is a request for last known location of 
the mobile station. 

Alternatively or additionally, the Location Services Request detennining means 
are set so as to diedc whether the Location Services request comes fiom an Cmersencv 
10 Centeror aLaw£nfi)rcem6nt A^nc^. 

Preferably, tiie control node comprises buffer means ibr temporarily storing said 
paging request if the Location request is a request coming £rom an Emexgency Center or 
fiom a Law ^i&rcement Agency, the paging means being set so as to serve the paging 
request with priority. 

15 According to an embodiment of the invention, only one maximum number is 

^gifinfvl 'wfaidbi is represCTitative of the overall number of ongoing paging transactions for 

the particular location area, regardless oftheldnd of transaction. 

According to anotho: embodimetit of the present invention, more than one 

maximum number is defined for the same location area. In particular, a respective 
20 maximum number of permitted ongoing paging tcansactions is defined for eadi kind of 

transaction. 

Accordmg to yet anotiier embodiment of the present mvention, two maximum 
numbers are defined at die control node, namely a first maximum number repiescaitative 
of the maximum number of allowed ongoing CXH, SS, SMS paging transactions, and a 
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second xnaximum nuniber indicative of Hie maximam number of allowed ongoing LCS 
tiansactions* 

Brief description of tfac drawing 

Furtiier cbaracteiistics and advantages of the invention will become better 
5 ^pparexLt from the following desa::Q)tion of pr e fer red but not exclusive embodiments of 
the method and the tdLccommunications system for controlling paging flow, iUustcatcd by 
w^ of non-limitatt ve embodiments in the accompanying drawings, wherein: 
Figure 1 is ablock diagram of a conventional cellnlar netwoik; 
Figare 2 is a block diagram of the layered Blruct iue of GSM/UMTS; 
10 Figure 3 is a flow diagiam illuslzating steps of a paging flow control method 

according to the invention; 

Figure 4 is a flow diagram connectBd to tiie diagram of figure 3 illustrating a 
jiarticular paging process according to the invration; 

Figure 5 is a flow diagram connected to the diagram of figure 3 illustrating the 
15 management of LCS tcansactLons according to a preferred embodiment of the invention. 
Detailed description of the preferred embodiments 

As anticipated above^ with re&rence to Figure 1, a typical GSM network 10 
comprises a plurality of cells 12, which are associated with at least one Base Station 13, 
schematically represented by a tower antenna, and which are grouped so as to :form 
20 location areas 11a, lib and 11c associated with a geographical zone. Such location areas 
are served by a respective Visitor Location Register (VLR), for instance VLR 15, which 
is preferably comprised or connected to at least one control node, in particular at least 
one Mobile Services Switching Center <MSC) 14a, 14b and 14c (MSC/VLR). 

The basic function of MSCTVLR is to switch speech and data connections 
25 between Base Station Controllers (BSCs), other MSCs» other networks and external non- 
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mdbile netwoiks. The MSG also handles a number of fimctions associated with mobile 
subsoibciSy among othcars ic^islralion, location updating and handover between a user 
eqaipment and Ihe Public Land Mobile Netwoik (PLMN). 

The VLR stoies data about all customers who are roamixig within the location 
5 area of the corresponding MSG. Ihis data is updated through a location update 
procedure initiated fix>m the mobile station via the MSG, or directly &om the subscriber's 
Home Location Register (HLR) or Home Subscriber Server (HSS). 

The HL£(/HSS is the home register of the subscriber, which particailarly stores 
information about the subscription, the services which are allowed to the subscribe and 
10 the subscriber's location* When the subscriber roams into the location area of an MSG 
dtilerent from the home MSG, the HLR/HSS is iqidated accordingly. 

It is dear to the skilled in the art that the control node of the network can be a 
SGSN support node, should the network be a GPRS netwoik. 

It is known that the GSM/UMTS system can be iUustrated as comjprising a 
15 number of functional layers hierarchically arranged, as shown in Figure 2. Such layers c^an 
be defined fbrbotili the MSG payers 200) and the mobile station (layers 205). 

A fhst layer (20, 24) conorprises the physical layer, "v^ch represents the physical 
means fbr interfacing the various devices of the netwodc, and the data-link layer, wliich 
provides data link services and functionality. 
20 A second layer is the so-called Radio Jntedaco layer, and it con^rises three sub- 

lay^: a Radio Resource (RR) management sub-layer (21, 25), a Mobility Management 
(MM) sub-layer (22, 26) and a Gonnection Management (GM) sub-layer (23, 27). 

Hie RR sub-layer 21 is responsible for dhannel handling. The MM snb-layar 22, 
handles together with GM sub-Iayra: 23 various transaction types, in particular Call 
25 Control transactions (GG layer 23a, 27a), Supplemmtaiy Services transactions (SS lasyer 
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23b, 27b), Short Message Service transactioiis (SMS layer 23c, 27c) and Location 
Services transactions (LCS layer 23d, 27d). 

For each location area, a pluialily of such call-related or services^reiated 
transactions may arrive at &e MSCWLR. According to the invention, at least one 
5 maximum nuniber of allowed paging transactions is defuied far each location area. 

According to an embodiment of the invention, only one maximum number is 
defined which is reptesentalive of tiie overall number of ongoing paging transactions tor 
the particular location area, regardless of the kind of transaction, i.e. regardless of 
whether the incoming pagizig request i^;Hcds OC, SS, SMS or LCS transactions. 
10 Such maximum numb^ is stored in memory means which, in a pr efe rred 

embodiment, are provided within the VLR of the location area. Alternatively, the memory 
means are an integral part of the MSG of the same location area or diey are located in 
other entities which can be accessed by the MSCTVLR. 

According to another embodimmt of the present invention, more than one 
15 maximum nomber is defined £br the same location area. In particular, a respective 
maximum number of pennitted ongomg paging transactions is defined far each kind of 
transaction. 

According to another embodiment of the present invention, two maximum 
numbers are defined at the MSCATLR, namely a first maximum number representative of 
20 the maximum number of allowed ongoing CC, SS, SMS paging transactions, and a 
second maximnm number indicative of the maximum numbo: of aUowed ongoing LCS 
transactions. 

The skilled in the art will not have any difficulty in defining otiier groupings of 
kind of transactions for which a maximum number can be defined. Sudb. groupings can be 
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defuaed in order to meet the operator requkemmts, for example in order to allocate more 

rcsonrccs to the typo of traffic wMch is prcfisrrcd by an operator. 

According to Ifae amount of maximum numbeis defined for a location area» onB 

or more counters are preferably provided for registering and updating the cunrent mnnber 
5 of ongoing transactions. Su<^ counters are preferably located at the MSQ but they may 

be located at other entities accessible by the MSG in tibc location area. 

Wtlh reference to Figure 3, a fLow chart is depicted illustrating the mediod 

according to an embodiment of ^e invention in vMch a maximum number i n dic at iv e of 

the overall number of allowed jiaxallel traosactions is defined at the MSCWLR. 
10 At step 300 the procedure is initiated by a transaction sent by any of the users of 

the Mobility Management sob -layer, which orders paging for reaching a target mobile 

station (MS). 

At step 305 the request is received at the MSCAHJR, in the form of a MAP 
operation which^ for exarqple, maybe one of the following: 

15 MAPJUNSTRUCrURED_SS_REQUEST , MAPJJNSmUCmJREDJSS.NOTIFY, 

MAP_MTJFORWARD_SHORT_MESSAGE , MAP_PROVIDE_SUBSCRmERLOCAT£ON , 
MAP_PROVn>E_JlO AMINGJNUMBER . 

At Step 310 paging is triggered by the received MAP operation. If the MAP 
operation is a MAP.PROVTOEJROAMmoJNUMBER operation, then it might not trigger 
20 immediately a paging request However, the paging request is sent as soon as the Initial 
Address Message (1AM) is received from the Gateway Mobile Services Switching Center 
(GMSC), 

At step 315 the Location Area (LA) where Ihc subscriber is currently roaming is 
fetched fixjm the VLR 15. 
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At step 320 it is cbschBd wbedier the nnmber of paging transactions ^duch ate 
ongoing for the location area determined at stqp 315 is lower tisan at least one ntaxiinum 
munber of ongoing paging transactions allowed for the LA. The muiiber of ong^nng 
paging Ixansactions is pref^ably kept by a counter at the MSG as indicated herein above. 
5 If the TTiflvinrintrt nuoiber of allowed paging transactions has not been readied at 

step 320» the paging request is substantially accepted by the MSG and the proccduie 
jumps to step 325, as illustrated in Figure 4. 

In particular, at step 405 the counts of ongoing transactions is inCTemented so 
as to take into account the newly accepted paging request Then, at step 410, the mobile 
10 station is paged, i.e. the paging request is sent to the Base Station Gonttoli^ and then the 
paging response message is received irom the mobile station. 

After receiving the paging response message, the counter is decremented at step 

415. 

Then, at step 420, it is checked whetiier previous LGS requests are still pending, 
15 by controDing the statos of buf^ means "v^ch will be described herdnafter. If so, the 
procedure junqjs to st^ 430 and one pending 1X2S request is served, starting fcom step 
530 as it will be described with reference to figure 5. 

Otherwise, if no previous LGS request is pending or if the buffer means are 
CTtipty, the system retams in a waiting mode at stqp 340, i.e. it is available to receive new 
20 MAP operations. 

If the maximum nunlb<^ of allowed paging transactions has been reached or 
exceeded at step 320, then a forlher check is performed at step 330 in order to check 
whether the MAP operation comes from the LGS layer. 

If not, at step 335 the MAP operation is rejected, an error code is returned 
25 indicating resource limitation, and the procedure ends at step 340. 
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Odierwise, if it is detecmined that the MAP pperatioii does come fixsm the LCS 
layer at step 330, the pixKscdaro jumps to step 345, as illustcatcd in Figure 5. 

At step 505, it is decked whether the incoming !LCS pperadon indicates that a 
*La5t Knoivn Location* would be acceptable for the lequestuag entity. If so, at step 510 
5 the Last Ejiown Location information is retrieved from the VLR and then returned with 
the MAP_PROVIDE_SUBSCRIBER_LOCA'nON_ACK: message. At Step 340 the procedure is 
ended. 

at stc^ 505, it is detramined that no *La5t Known Location* is indicated in ihs 
LCS operation^ then at step 515 it is diecked whether the LCS operation is coming from 

10 an emergency center or a law enforcement agency or from entities of equivalent 
importa nce. In an alternative embodiment, not shown in the figures, such step is 
performed directly afrer step 330 and befiaie the step of determining whether 'Last 
Known Location* is indicated in the LCS operation. The outcome of these checking steps 
will be substantially the same as tiuise of Figure 5. 

15 Rfitarmng to the exemplary oaoLbodknOTt illustrated in Figure 5, if it is determined 

that the LCS operation is not coming from an esnacrgency cCTter or a law enforcement 
agency, the MAP operation is rejected at step 520 with a 'Resource Limitation* error 
code ajod the procedure ends at step 340. 

Otherwise, at step 525 the request is put in a buffo which is jnreferably within 

20 the MSC. This bufifer accordingly stores such particular kind of LCS requests, and it is 
pre fe mbly used for performing the above mCTtioned checking at step 420. 

At step 530 it is checked wfaett^ at least one imaging request has been finalized, 
frjr example by checking wh^» the counter has been decremented with respect to tiie 
previous check (at step 320 or at step 530 itselQ. Step 530 is also reached by the above- 

25 desaibed stq) 430. 
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The checking at step 530 is repeated until it is verified that Ifae numba of 
Goagoii^ paging tcansactions has become lower tliaa the maximum number of allowed 
ongoing transactions. As soon as diis condition is met^ the request is picked tip fiom the 
bujSer at step 535 and the LCS operation is served with pnozity, before any other cuzrent 
5 incoming transaction, by juntping to the above-descxibed step 325.It is clear to the skilled 
in the art that the above described cxcnq)laiy embodiment may be easily modified without 
departing from the scope of the invention. Tn particular, if several maximum nombers are 
defined by the operator in order to differentiate and manage difiEbanent kinds of 
transactions, the jirocedure described with refermee to Figures 3 and 4 is peribrmed for 

10 each kind of transaction, while the procedure described widi xeforraice to Figure 5 is 
preferably performed for LCS transactions only. 

The skilled in the art easily understands that tbe above described steps may be 
performed by any conqiuter hardware and/or software and telecommunications means 
programmed through conventional techniqaes in order to take into account the additional 

15 information data needed by the present invention. A combination of processor, memory 
and communication means is required in order to receive and process the requests, 
togetiier with cheddng and determining means, prefo^bly implemented tiirough software, 
for determining the availability of resources and/or the kind of requests according to die 
invention. . - 

20 The invention is therefore prefbrably in^lemented by introducing new 

fonctionality in existing systems, through oonvrntional techniques "o^ch are clearly in the 
reach of the average technician and, tiierefore, are not hereby discussed in detafl. 

It has thus been shown that the present invention fialfils the proposed aim and 
objects. Ih particular, it is seen that both mobile subscribers and the service provider may 

25 benefit of ircportant services, like positioning due to emergen^ requests, which are 
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always pcocessed and prioritized From the operator's point of view, it is sg&x tbat ihe 
operator can avoid congestion and flexibly allocate xcsourccs so as to ad^t to flie 
evolution of the radio network. Moreover, management of paging transactions can be 
customized, for example^ in order to prioritize operations with higher costs on the 
resource allocation of the system, this resutdng more profitable. 

Clearly, several modifications will be ^jpaicnt to and can be readily made by the 
skilled in tfie art witiiout departing irom the scope of die present invention. Therefore, the 
scope of the claims shall not be limited by the illustrations or the preferred enibodiments 
given in the deso'^rtian in the faan of examples, but rattier the claims shaU encompass all 
of the features of patentable novelty that reside in the present invention, including all the 
leatores that would be treated as equivalents by the skilled in the ait. 

'Where technical features mentioned in any claim are followed by refjerenoe signs, 
those reference signs have been included for the sole purpose of increasing the 
intelligibility of tiie claims and, accordingly, such rej^rence signs do not have any limiting 
effect on the intespretation of each elCTient identified by way of example by such 
lefeacence aigDS. 



